The paper studies a fiscal policy instrument that can reduce fiscal distortions without affecting revenues, in a politically viable way. The instrument is a private contract (tax buyout), offered by the government to each citizen, whereby the citizen can choose to pay a fixed price in exchange for a given reduction in her tax rate for a period of time. We introduce the tax buyout in a dynamic overlapping generations economy, calibrated to match several features of the US income, taxes and wealth distribution. Under simple pricing, the introduction of the buyout is revenue neutral but, by reducing distortions, benefits a significant fraction of the population and leads to sizable increases in aggregate labor supply, income and consumption.
that the government can share with the agents. Therefore, the government can price the contract high enough to make positive revenues, yet low enough to attract agents with high ability and high income prospects. We then discuss the implications of offering a menu of contracts such that high ability agents self-select into high tax reduction-high price contracts and discuss the relation between the tax buyout and optimal non-linear tax schedules.
Since theory suggests that tax buyouts are a simple and effective way to reduce distortions, in the second part of the paper we ask our main question, i.e. what are the effects of making these contracts available to US residents in a time of high fiscal pressure?
To answer the question we introduce tax buyouts in a dynamic overlapping generation model with heterogeneous agents and incomplete markets as those used by Conesa et al. (2008) or Heathcote et al. (2008) for policy analysis. We calibrate the model parameters to match existing micro-studies and several features of the US income and wealth distribution derived from the Current Population Survey and the Survey of Consumer Finance. We start from a steady-state equilibrium with a fixed government spending financed through a progressive tax income schedule which resembles the one observed in the United States. We then consider an exogenous increase in government spending (capturing the current fiscal situation) of the order of 20% under two alternative scenarios: with and without a tax buyout scheme. The baseline buyout we consider is a reduction in the marginal tax rate of at most 5% offered at a price of roughly $4500, which ensures revenue neutrality.
We find that the buyout in each period is purchased by a little less than 10% of the population, nevertheless its effects are macroeconomically relevant as its introduction raises GDP by almost 1%, reducing approximately by one third the negative consequences of the overall tax increase on the level of economic activity. This is because buyers are generally high ability agents, who contribute most to GDP. We also find that these numbers are fairly stable with respect to comparative statics exercises on a series of key parameters, such as the elasticity of labor supply or the amount of the tax buyout offered. Finally, we show that, in our dynamic setting, even households not buying the contract in the current period might benefit from its introduction in terms of lifetime welfare. For example, since wages increase with age, a young household might not buy the contract today but do so at a future date, when her wage has increased sufficiently. This indicates that the long run benefit of introducing this instrument spreads over a larger share of the population than current buyers.
The idea of the tax buyout is very much related to the idea of offering taxpayers alternative tax schedules and letting them choose among them. Alesina and Weil (1992) and Slemrod et al. (1994) propose such schemes in a static setting. Relative to their work our contribution lies in the quantitative evaluation of the buyout in a dynamic economy that captures several macro moments and key dimensions of heterogeneity of the current US economy. Also we study in more details the issue of non-linear pricing and the relation of these schemes with the non-linear optimal taxation literature (Mirrlees, 1971) . In particular the contract generates tax schedules that, under some conditions, are reminiscent of those proposed by that literature as it delivers lower marginal rates for high ability individuals. Differently from those mechanisms, from the agents' perspective the exchange is not the result of a unilateral determination on the part of the government, but of free choice. This ensures that the allocation achieved with the contract is a Pareto improvement with respect to that without it, making it a politically viable mechanism of reduction of the distortionary effects of taxation. However, more recent contributions have proposed various instances in which a concave tax schedule might not be optimal. For example, Diamond (1998) and Saez (2001) show that the shape of the optimal tax function depends, among other things, on the distribution of ability in the population. In particular, fat-tail unbounded distributions such as the Pareto can make increasing marginal rates socially desirable. Also, under these conditions a price of the contract that guarantees revenue neutrality may not exist. In these cases, the tax buyout would not be a useful policy tool.
The rest of the paper is organized as follows. In Section 2 we review some general results on the tax buyout scheme in a simple static economy. Section 3 introduces the OLG model and discusses the calibration and Section 4 uses the model to evaluate the effects of introducing the buyout contract following a large increase in government spending. In the conclusions we discuss additional issues to tackle on the way to making the buyout scheme a concrete policy option, a goal especially important in a period of unprecedented fiscal deficits.
A simple model with heterogeneous productivity
In this section we consider a small open economy populated by a continuum of agents. Agents' productivity A is constant over time and distributed according to the CDF F A (A). Agents are endowed with initial amount of wealthw. The government uses labor taxes to finance a constant flow of government spending g. We consider the simple case where the tax rate is constant and equal to t. Private agents and the government have access to the world capital market where they can borrow and lend at the risk-free rate r. We assume that this exogenous risk-free rate equals the inverse of the discount rate: bð1þrÞ ¼ 1.
Our modification to this otherwise standard set-up is that in each period the government offers each agent a contract, whereby the agent agrees to pay an amount of resources upfront in exchange for a reduction in her tax rate. If the agent does not buy the contract, she faces the pre-contract tax rate t: status quo is always an option. Under perfect information the contract is designed in such a way that the value of resources extracted from each agent remains the same as in the pre-contract regime, regardless of the amount of tax reduction the agent chooses to purchase. That is, the contract is revenue neutral from the government's perspective, agent by agent. We show that under these conditions agents will want to pay all their taxes upfront in lump-sum form. The logic of this result is straightforward: The contract gives agents the opportunity to turn distortionary taxation into lump-sum taxation, and revenue neutrality implies that all the benefits from the reduction in distortions accrue to the agent. The economy with perfect information is a useful starting point for our analysis, as it highlights the basic insights of the contract, that will hold also in a more realistic setting. However, under perfect information, a benevolent government could more simply use lump-sum taxation-where the lump-sum taxes are a function of the fixed component of ability A-in the first place.
We then turn to study an economy with asymmetric information, where the government knows the ability distribution but does not observe individual ability. The question is whether the introduction of the contract can be Pareto-improving in spite of this constraint. We show that this is the case. The intuition for this result is that the inefficiencies generated by distortionary taxation, once removed, create a surplus that the government can share with the agents. Therefore, the government can price the contract high enough to make positive revenues, yet low enough to be attractive to the high ability agents.
The economy
Agents' preferences and technology are given by
and
respectively, where c t and l t are consumption and labor in period t, y t is labor income, b40 is the time discount factor and u is a standard utility function. To simplify notation, define w ¼ rw as the flow value of wealth. In addition, the assumption bð1þrÞ ¼ 1 implies that the problem for this (A,w)-agent is stationary and can be simplified as follows: max fcðA,w,tÞ,lðA,w,tÞg uðcðA,w,tÞ,lðA,w,tÞÞ ð3Þ subject to w þð1ÀtÞAlðA,w,tÞÀcðA,w,tÞ ¼ 0,
where cðA,w,tÞ 4 0, lðA,w,tÞ 2 ½0,1, and the initial wealth level is given. For simplicity, we abstract from differences in wealth. All arguments go through when explicitly conditioning on differences in wealth. In the stationary equilibrium the government budget constraint is
Stationary equilibria for this economy are characterized by policy functions cðA,w,tÞ and lðA,w,tÞ, and a Lagrange multiplier lðA,w,tÞ associated with (4) satisfying u c ðcðA,w,tÞ,lðA,w,tÞÞ ¼ lðA,w,tÞ,
Að1ÀtÞu c ðcðA,w,tÞ,lðA,w,tÞÞ ¼ Àu l ðcðA,w,tÞ,lðA,w,tÞÞ, ð7Þ
as well as the budget constraint (4), and a tax rate t satisfying (5).
The economy with the contract: perfect information
At the beginning of each period each agent is offered a menu of contracts fd,Dg from which she can buy a reduction d in its tax rate for the current fiscal year in exchange for the payment of a premium D. Under perfect information the ability level A is known to both the government and the agent. We assume the government chooses D such that the contract is revenue neutral for each agent. Therefore, D is a function of both A and d (as well as w, non-stated explicitly to simplify notation) that satisfies DðA,dÞ ¼ tAlðA,w,tÞÀðtÀdÞAlðA,wÀD,tÀdÞ,
where lðA,wÀD,tÀdÞ is the policy function for labor under the new regime. Note that the government is exploiting its knowledge of the agents' policy function in designing the contract.
In expression (8) we have used the same policy function for labor supply described in the previous section, with the only difference that the arguments w and t are replaced by w ÀD and tÀd, respectively. Indeed, one can see that for any given d these policy functions satisfy the first order conditions as well as the new budget constraint ðwÀDÞþð1Àt þdÞAlðA,wÀD,tÀdÞÀcðA,wÀD,tÀdÞ ¼ 0:
Moreover, since the contract is such that the government's intertemporal budget constraint is unchanged for each agent, it is also unchanged in the aggregate: Z tAlðA,w,tÞ dF A ðAÞ ¼ Z ððtÀdÞAlðA,wÀD,tÀdÞþDðA,dÞÞ dF A ðAÞ: ð10Þ
In the remainder of the paper we will use a short-hand notation l A ðd,DÞ ¼ lðA,wÀD; tÀdÞ, c A ðd,DÞ ¼ cðA,wÀD; tÀdÞ, and l A ðd,DÞ ¼ lðA,wÀD,tÀdÞ to denote aggregate (ability adjusted) labor supply, consumption, and Lagrange multiplier, respectively, for a (A,w)-cohort. Thus, l A (0,0) is labor supply without the contract. Next we turn to the question of the optimal choice of d, the amount of tax reduction:
Proposition 1. If the government prices the contract according to (8), agents will choose to buy the maximum possible tax reduction. Moreover, labor supply will increase for each agent.
Proof. See the appendix.
The proof uses the fact that the contract can be represented by the combination of a compensated price change and a rightward shift of the budget constraint (defined in terms of consumption and leisure). As a consequence, the pre-contract optimal allocation remains feasible after the purchase of the contract. Hence, purchasing the contract cannot but raise the agent's utility. Moreover, at the new prices the lower tax wedge implies that agents will choose to work more.
The economy with the contract: asymmetric information
This section studies the economy with asymmetric information. We assume that the government has no information whatsoever on A, and hence needs to offer everyone the same price for the contract DðdÞ. We want to show that the contract can be Pareto improving even under asymmetric information. Namely, we want to show that there exists a function DðdÞ such that: (i) a positive mass of agents takes the contract and (ii) the government budget is still balanced. The second condition implies that those agents who do not take the contract are made no worse off by its introduction. We will prove (i) and (ii) for a linear pricing function of the form DðdÞ ¼ dd. Of course, more general pricing functions will allow the government to improve on the outcome obtained with the linear pricing function. We will explore this aspect numerically later.
First, we discuss two results on the optimal choice of d for linear pricing functions.
Lemma 1. Under a linear pricing function DðdÞ ¼ dd, an agent of ability A will either not buy into the contract or buy the maximum amount allowed.
According to Lemma 1, linear pricing functions are completely characterized by the maximum allowed tax reduction and the per-unit price of such reduction, fd,dg. For each level of ability we define two (per-dÀunit) prices, d A and d A . The former is the lowest price at which the government is not losing resources from offering the contract to agent A. The latter is the price for which agent A is indifferent between taking and not taking the contract.
Lemma 2. Under a linear pricing function DðdÞ ¼ dd, for each level of ability A there exist:
(i) A per-unit price d A such that agent A is willing to enter the contract and the government is neither losing nor gaining resources from the agent. (ii) A per-unit price d A for which agent A is indifferent between taking and not taking the contract. If agent A decides to enter the contract, the government is gaining resources from the agent.
A consequence of Lemma 2 is:
A Þ the government is gaining resources from offering the contract to agent A, and agent A is willing to take the contract.
We have just shown that for each level of ability there is a price that is high enough to make government's revenues positive, yet low enough to be attractive to the agents. The removal of the inefficiency due to distortionary taxation creates a surplus that the government and the agent can share.
Building on this result, we now show that the government can attract into the contract the upper tail of the ability distribution, and still make positive revenues. Once we have shown this, it follows that the contract is Pareto-improving: the government could either rebate these excess revenues to all agents, or lower the price even further to attract more agents into the contract. Here we pursue the latter route, and show that if the price is low enough government's excess revenues are driven to zero.
Lemma 3. Assume that the single-crossing condition (Salanié , 2003) Such level is well defined for any d rd A , where A is the upper bounds of the support of the ability distribution. The standard regularity conditions on the utility functions imply that the mapping A(d) is continuous. As a consequence of Lemma 3 agents with ability less than A(d) will not take the contract, while agents with ability greater than A(d) will. Therefore, government's revenues from the introduction of the contract can be written as
It is easy to show that continuity of
From Lemma 2 we have that the government can attract to the contract the upper tail of the ability distribution, and still extract excess revenues from all of these high ability agents if d 4d A :
A Þ all agents with ability A 2 ½AðdÞ,A will take the contract, where A(d) is strictly less than A. Moreover, RðdÞ 4 0 in this interval.
Our final assumption is that, when the contract is priced at zero, the government is losing money: Rð0Þ o 0. This is simply assuming that we are not on the declining portion of the Laffer curve, where a tax decrease leads to an increase in revenue, in which case the government should simply lower taxes. The above corollary, the continuity of R(d), and the above assumption imply the key result of this section:
Proposition 2. There exist a pricing function DðdÞ ¼ d Since those who enter the contract are better off, and those who do not enter the contract are no worse off given that the government still balances the budget, we have shown that the contract is Pareto improving. Fig. 1 gives an illustration of the proposition, as it plots the government losses as a function of d, the price of the contract.
1 Starting from the right the figure shows that when the price d is large losses are close to 0, as only few high ability agents elect to purchase the buyout. As the price falls more households participate and initially the revenues from higher participation offset the losses from lower prices, so that government revenues increase (losses fall). As the price is lowered further though the price effect dominates the increased participation, and losses increase. When the price reaches d * losses are 0, so the government does not lose from introducing the contract and a positive fraction of the population takes it. An important caveat needs to be mentioned. We have assumed an upper bound to the ability distribution, and this assumption is quite important in obtaining our result. However, a fat right tail of the ability distribution may imply that the government makes very large revenue losses on high ability individuals when implementing the contract, jeopardizing revenue neutrality. In fact, one can easily show that with a Pareto distribution, under quasi-linear utility, for some parameter values revenue neutrality is never achieved.
Non-linear pricing
The theory of static Pareto efficient taxation (Mirrlees, 1971; Stiglitz, 1982) argues that the optimal tax schedule entails different marginal tax rates for individuals with different abilities so to achieve self-selection. We have excluded this possibility so far. Starting from proportional taxes and a continuum of abilities-the case considered in the previous section-the post-contract equilibrium entails two different marginal tax rates for the entire population, which is obviously far from the continuum suggested by the optimal taxation literature. This feature of the contract can be relaxed. Although, for computational feasibility, in the quantitative assessment of the buyout we will stick to linear schemes, in this section we investigate the effects of allowing for non-linear pricing schemes in the simple model.
We consider a discretized version of our economy, where ability takes up N values A i , i= 1,2,y,N, with A i o A i þ 1 . We call an agent with ability A i agent i. The government offers N contracts fd i ,D i g N i ¼ 1 . We call this discretization 'many contracts' as opposed to the 'one contract' of the previous section. In the appendix we describe an algorithm for computing the set of N contracts that delivers self-selection, where by self-selection we mean that the pricing scheme is such that any two agents A i and A j will choose different contracts, fd i ,D i g and fd j ,D j g, respectively, in case they decide to buy the reduction in the marginal tax rate. This self-selection implies that, consistently with the optimal taxation literature, agents with different abilities will face different marginal tax rates. The idea of the algorithm is the following. From the optimal taxation literature we know that the highest ability individual A N should have the lowest marginal tax rate. The government then chooses the couple fd N ,D N g with d N fixed at the highest allowed amount. The price of the contract D N is chosen so that the entire scheme fd i ,D i g is revenue neutral. Then, a second contract fd NÀ1 ,D NÀ1 g is determined such that agent N is indifferent between contract fd N ,D N g and fd NÀ1 ,D NÀ1 g while agent N À 1 strictly prefers the latter. This procedure is iterated for all i until we get to the agent who is indifferent between buying and not buying the marginal rate reduction. Although the algorithm uses only pairwise comparisons of contracts, in the appendix we show that it ensures that agent i chooses contract i over any other contract.
Once computed the fd i ,D i g N i ¼ 1 schedule that achieves self-selection, we can use it to analyze its properties numerically. The appendix provides details on the calibration of the economy used to obtain the results below. 
The fact that the first term within parenthesis increases in A implies that @D=@d also increases in the level of ability. Panel (c) shows the cumulated government losses from the offering contract, starting from the highest ability individuals (hence, we accumulate losses going from right to left). By construction, in both cases the total government losses from the contract are approximately zero (i.e. both lines reach zero for the indifferent agent). The shape of the cumulated government losses is very similar for the linear and the non-linear pricing schemes in this specification. In both cases the government loses revenues on high ability individuals: In the linear pricing scheme d is lower than in the nonlinear pricing scheme, but so is the price. In both cases, consistently with the theory, the government makes positive revenues on the agents that are close to being indifferent.
Panel (d) shows utility relative to pre-contract. The figure shows that the non-linear scheme is a Pareto improvement over the linear one: for all agents utility increases. For the close-to-indifferent agents, not surprisingly, utility is very close under the two schemes, but as the level of ability increases, the non-linear scheme delivers progressively higher utility. As figure (c) makes clear, the 'many contracts' environment allows the government to deliver higher utility to high ability individuals without having much greater losses. Of course, the lower distortions for high ability individuals under 'many contracts' result in higher labor supply and output than in the 'one contract' case. We have also compared the same 'one contract' scheme ðd ¼ 0:13Þ to a 'many contracts' environment where the top ability individual is offered a contract with a tax reduction of at most 0.13 ðd N ¼ 0:13Þ. Unlike in the previous example, this set of contracts makes high ability individuals worse off than under the one contract scheme, since the highest ability individual is now paying for the same tax reduction a higher price than under the linear scheme. As a consequence, if for high levels of ability the government is losing money under the 'one contract' scheme, the government is losing less money under 'many contracts'. The extra resources make it affordable to both charge a lower price to individuals that before were close to being indifferent, and extend the contract to less able people. Both sets of people are better off under the 'many contracts' scheme. In our example it also turns out that aggregate output is larger under many contracts, even though higher ability individuals are subject to more distortions. 
The contract and the informationally constrained Pareto frontier
In this section we briefly discuss the conditions under which the contract can take the economy to the informationally constrained Pareto-efficient frontier, that is, can replicate the outcome of Mirrlees' optimal taxation. In order to discuss issues of optimal taxation we need to consider more general forms of taxation T(y A ), where y A = Al A , than the proportional taxation analyzed so far. Equilibrium in this economy is characterized by policy functions c A , l A , and
À@uðc,lÞ=@l @uðc,lÞ=@c
as well as the first order condition with respect to d (12), which is unchanged. CallT ð:Þ the solution of the constrained social planner's problem andc A andl A (andỹ A ¼ Al A ) the corresponding equilibrium allocations, which satisfy (13) and (14) with d ¼ DðdÞ ¼ 0. We want to investigate under which conditions the contract can deliver the Pareto-optimal allocation starting from an arbitrary initial tax schedule T(y).
From (14) the amount of tax reduction d A an agent of ability A needs to buy is
The tax reduction d A is positive only if the marginal tax rate at the optimum is lower than the current one. Hence a first, quite intuitive, constraint on what the contract can achieve is that the slope of optimal tax schedule needs to be no higher than the existing one. In other words, the contract can only be used to induce a reduction in marginal tax rates, and not an increase. In addition, participation in the buy-out scheme is voluntary: agents must be made better off by purchasing the contract. This induces additional constraints relative to the informationally constrained planner.
We can reverse-engineer which pricing function DðdÞ may work from the first order condition with respect to d (12). This condition states that the pricing function that induces an agent of ability A to buy precisely the quantity d A of tax reduction needs to satisfy the necessary condition:
Using the second order condition it is immediate to show that the sufficient condition for the optimum is
Condition (17) says that the extent to which we can implement the optimal allocation with the contract depends on where we want to get to (which point on the Pareto-efficient frontier) relative to where we are (current tax system). Specifically, the condition tells us that Dðd A Þ needs to be sufficiently convex and this is the case only ifT 00 ðỹ A Þ o T 00 ðỹ A ÞÀ1=A@l A =@d, that is, only if the optimal marginal tax schedule is decreasing more rapidly with income than the current one. If the current tax system is proportional, the condition translates toT 00 ðỹ A Þ o À1=A@l A =@d, ie, the contract can only get to points on the frontier where the marginal tax rate decreases with income. Indeed, the literature has shown that the optimal tax schedule is not necessarily concave (Diamond, 1998; Saez, 2001) . In particular, fat-tailed, unbounded distributions for ability can require convex tax schedules, in which case the contract cannot take the economy on the frontier. Moreover, the larger the gap T 00 ðỹÞÀT 00 ðỹÞFthe reduction in marginal tax rates as a function of income-the harder it is to implement it with the contract. Intuitively, to get a large reduction in marginal tax rates as a function of income one needs d to increase substantially as income grows. That implies that DðdÞ cannot be too convex. But if DðdÞ is not too convex, the second order conditions may be violated.
Quantitative analysis
In this section we present a calibrated model economy which will allow us to evaluate quantitatively the effects of making a tax buyout contract available to US households. Our setting is similar to the one used in recent works that use calibrated life-cycle heterogenous agents economies in order to analyze policy issues (see for example Conesa et al., 2008 or Heathcote et al., 2008 Fukushima, 2010) . We consider a discrete time small open economy inhabited by overlapping generations of finitely lived households. Production is carried out by a representative firm which uses a constant returns to scale technology to produce a single good, used for consumption and investment. A government levies taxes, provides transfers and public spending, and might offer tax buyouts. We now describe in more detail households, firms and government, define equilibrium, describe the calibration procedure and finally perform the experiment of introducing a tax buyout.
Households
Each period a new generation of mass 1/(N +1) of unitary households is born. Preference of an household at birth are represented by
where c h and l h are consumption and labor effort of the household at age h, u is a standard utility function, b40 is the time discount factor (possibly household specific) and V N + 1 represents the value of retirement (to be specified later). 2 Each household is born with a wealth endowment a 0 and is endowed with 1 unit of time in each period of its life. For the first N years of life households can work in the market and each unit of time spent working yields e h efficiency units of work, where e h is given by
Az h e h p h where A is a individual specific fixed effect, z h is a deterministic age effect, e h is a idiosyncratic transitory shock and p h is a idiosyncratic persistent shock. All these four states are exogenous, in the sense that they do not depend on any household decision. For simplicity we will denote with the letter S ¼ ðA,z h ,e h ,p h Þ these exogenous states and by S the set of all possible values taken by S.
3.1.1. Retirement During retirement households are not allowed to work. The only role played by retirement in our setup is to affect the wealth accumulation motive during working life. We capture this effect in this simple fashion
where fa represents the annuity value of wealth and T R (S) represents the annuity value of all social security payments for an agent entering retirement with state S. The key parameter here is ðbÀ1Þ=b of r 1 which captures in a reduced form way the length of retirement. A small f implies a small annuity value (the effect of f in the numerator in Eq. (18)) but a large total utility (the effect of f in the denominator in Eq. (18)), thus capturing the idea of a long retirement period, in which induces agents to accumulate more wealth. Similarly a large f captures the idea of short retirement period, as the limit, with f ¼ 1, retirement lasts exactly one period. In our exercise f is treated as a parameter and is set to match agewealth accumulation profiles from the micro data.
Working age
In each period households decide how much to work, consume, accumulate wealth in a risk free uncontingent bond and how much tax reduction to buy. Agents are allowed to purchase a tax buyout contract every period, and the purchase affects only tax rates in that period. The contract in its most general form is represented by a set D of possible tax rate reductions and by a pricing function Dðd h ,S h Þ which maps quantity of tax reduction purchased d h and household states into prices. We restrict our attention to pricing functions that are (possibly) dependent only on variables that can be contracted upon, such as age and past level of income. The problem of an agent of age h with wealth a h and state S h can be written in a recursive fashion as
where o is the wage rate per efficiency unit and where, for simplicity, we assume wealth is restricted to be non-negative. The function Tðoe h ðSÞl h ,ra h ,d h Þ represents the total taxes paid by an agent with labor income oe h ðSÞl h , capital income ra h and tax buyout purchase d h . Let the function T ðoe h ðSÞl h ,ra h Þ be the current tax code (without the buyout). Then the function Tðoe h ðSÞl h ,ra h ,dÞ ¼ maxðT ðoe h ðSÞl h ,ra h ÞÀoe h ðSÞl h ,0Þ. This implies, in practical terms, that when an agent who has purchased d units of the buyout files taxes, she simply computes the tax bill under the standard tax code and then subtracts from the tax bill a fraction d of labor earnings. The solution to this problem can be represented by age dependent decision rules for labor effort l h (a h , S h ), consumption c h (a h ,S h ), next period assets a h + 1 (a h ,S h ) and tax buyouts d h ða h ,S h Þ. An important consequence of this specification is that although agents face idiosyncratic uncertainty, the decision of whether to take or not the contract is a period by period one, and it is taken after agents have observed all shocks, so purchasing the buyout does not involve risk; again in practical terms we suggest that agents may make the buyout decision at the time of tax filing. What is crucial for the effectiveness of the contract is for agents to be aware of the option at the time they decide labor supply, as the presence of the contract will, in general, affect returns from working.
Firm
Output is produced by a representative, competitive and profit maximizing firm which hires labor L at price o and capital K at price r and uses a standard constant returns to scale technology so that its profits are given by
where 0 o ao1 is the share of capital in the technology and k is the rate of depreciation of capital used in production.
Government
In each period the government has to finance a constant flow of unproductive government consumption g, transfers to retired household and interest on debt rb; its receipts are given by taxes, sales of tax buyouts and issue of new debt bu. Let F h (a,S) be a distribution of households of age h over assets a and exogenous states S, then the budget constraint can be written as Distribution of agents over states F h (a,S),h=1,y, N +1; such that
Given prices and government policies the decision rules solve the problem of the agents and of the firms. Initial distribution of new born agents F 1 (a,S) is given and time invariant. Additional distributions F h ða,SÞ,hZ 2 are induced by decision rules and by transition functions for exogenous states.
Labor market clears, i.e.
e h ðSÞl h ða,SÞ dF h ða,SÞ:
Government budget balances, i.e. Eq. (19) holds.
Calibration
The spirit of the calibration exercise is to have a steady state equilibrium of the model economy without the tax buyout to replicate some key cross-sectional statistics of a representative sample of US households in 2006. In particular we focus on households with at least one member aged between 25 and 60 and who report positive earnings (i.e. households who participate actively in the labor market) from the 2007 Current Population Survey (CPS) for earnings and tax statistics and on a comparable group of households from the 2007 Survey of Consumer Finance (SCF) for wealth data. 3 We decided to target earnings, tax and wealth statistics and abstract from reported statistics on labor input (i.e. hours worked) as we believe that reported hours worked are an imprecise measure of the true effort exerted by the households and hence not very informative on one key parameter for our study, i.e. the Frisch elasticity of labor supply (for more on this point see Feldstein, 1995) . Instead we rely on a series of recent empirical studies to identify a plausible range of values for the Frisch elasticity and then, for each value of the labor elasticity, we set the remaining parameters (i.e. initial distributions, variance of wage shocks, distribution of discount factors) following related micro-studies or to match earnings and wealth data. We now describe in detail our procedure.
Period length and life span: A period in our model is a year and since we focus on households with the reference person between age 25 and 60 we set N =36.
Utility function: Following many of the quantitative studies in the area (for example Conesa et al., 2008) we use the following functional form for period utility:
The crucial parameter for our purposes is g, which maps one to one on the Frisch elasticity of labor supply (which is equal to 1=g). Recent quantitative work by Kimball and Shapiro (2008) and by Erosa et al. (2009) who take into account variation in the extensive margin, intra-household adjustment and possibly non-linear wage schedule suggest a value for g of 1.
Other econometric studies (see for example Blundell et al., 1998 ) favor a value closer to 1 2 so our range for the Frisch elasticity is [0.5,1] with our benchmark value being 0.75. We set the parameter v so that all households which choose consumption exactly equal to their labor income work exactly 
Interest rates and wages:
The interest rate in this economy is exogenously fixed and we set it to 1%. There is abundant empirical research that estimates statistical process for log-wages using panel data in US and in other countries (for a survey see Katz and Autor, 1999) . Most studies model the log wage as a sum of four components: a permanent part (due to fixed characteristics such as ability, education and gender), a deterministic age dependent factor (due to un-modeled accumulation of human capital), a very persistent process (close to a random walk, capturing long run trends in wages due to permanent factors such as career changes), a transitory process (close to i.i.d. capturing temporary shocks such as unemployment). Our choice of the process for individual efficiency units of labor reflects these studies and in Table 1 we summarize the full set of parameters characterizing the process. Note that s 2 ðe i Þ, and s 2 ðZ i Þ are taken from a recent study which estimates persistent and temporary components for log wages in the US over the period . The other parameters, such as the variance of the permanent differences s 2 ðA i Þ, the variance of initial draw of the persistent shock s 2 ðp i0 Þ and the ones characterizing age/wage profile (w 1 and w 2 ), are set so that earnings in our model match the age profile for mean and variance of household earnings (per adult equivalent) in the CPS data (see Fig. 3 , panels a and b). 4 It is worth nothing that the pattern of earnings dispersion over the life cycle (panel b) in the data displays two sizeable increases, the first early in life and the second just before retirement. The pattern of earnings dispersion in the model matches these two increases. The increase in dispersion early in life in the model is captured by picking the dispersion of the initial draw of the persistent shocks below its long run value so, as households age and the persistent shocks reach their long run distribution, earnings dispersion increases. The final increase in dispersion instead is due to the fact that, as retirement nears, persistent shocks become more like temporary shock. Thus the labor supply response to these shocks is more pronounced, increasing earnings dispersion. Initial wealth distribution, discount factor and retirement length: A well known problem of models like the one considered in this paper is their inability of generating wealth dispersion comparable to the data. This shortcoming is important for our purposes because our specification of utility implies that wealth is an important determinant of labor supply, so if our model fails to match the wealth distribution it will also fail to match the distribution of labor effort and the willingness of agents to take the contract. For this reason we introduce two features to allow our model to match wealth dispersion in US data. The first is that we start agents with a distribution of wealth that matches the coefficient of variation of the distribution of wealth of 25 years old households in the US SCF. Second we divide households in two groups, as for example in Krusell and Smith (1998) , one with high discount factor and one with low discount factor and we choose the distribution of discount factors so that the model matches the coefficient of variation of wealth over the life cycle (see Fig. 3 , panel c).
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Finally we set the parameter f ¼ 0:04, capturing the incentive to save for retirement so that our model matches the average wealth to earnings ratio for the economy (see Fig. 3, panel d) . 4 Adult equivalents are computed using the OECD equivalent scale. 5 In particular we set the discount factors of the two groups equal to 1.033 and 0.98 and set the size of the first group to be 1 4 of the size of the second.
3.5.1. Government policies Tax system: A crucial element of our analysis is the current tax system, as this it determines households' outside option whenever they are pondering whether to take the contract or not. Applied public finance literature (Gouveia and Strauss, 1994) has proposed the following flexible functional form to capture variation of tax rates over the income distribution
where Y is pretax income, T is the tax bill including federal, state and local income taxes plus social security and medicare contribution, and t 0 ,t 1 and t 2 are parameters determining the levels and the slope of tax rates. This function is flexible enough to capture both flat, proportional and progressive taxes and the parameter t 0 has the natural interpretation of the asymptotic marginal tax rate. We estimate the parameters of this function using the sample of households from 2007 CPS data 6 and the results are reported in Fig. 4 . Notice how, with the exception of the very low income, the function fits very well tax rates in 20 quantiles. Our estimate of the asymptotic marginal tax rate t 0 is 32%, the estimate for the parameter t 2 , capturing the progressivity of the tax system, is 2.4 and the (scale dependent) parameter t 1 , capturing the overall fiscal pressure, is 11.9. In the CPS data the ratio of total tax bill to total income is about 21% and using the estimated tax function (20) in our model economy yields a comparable ratio. Social security: Retired agents receive social security payments T R (S). We specify social security payments using a simplified version of the social security payment functions used in Imrohoroglu and Kitao (2009) , that captures the concavity of social security payments as a function of lifetime income. In particular we assume that social security payments are a function of A, i.e. the permanent component of the wage and use the following form for the social security payments where A 20 and A 60 are the 20th and 60th percentile of the distribution of A and l is the average labor effort in the economy. 
Debt and government consumption:
In steady state we set government debt to 0 and so government consumption g is set residually from the budget constraint (19) as the difference between tax revenues and social security transfers.
The experiment
In our baseline experiment we start from a steady state equilibrium with low total government expenditures (including g, transfers and interests on debt) where no tax buyouts are offered. This is the economy we calibrated in the previous section using our sample of US households in 2006. We then assume that, unexpectedly, public expenditures increase a level which is 20% higher than in the initial steady state, capturing with this a structural and permanent change in the economy, such as an aging population resulting in higher total (but not per retired household) transfer expenditures or an increase in debt and interest payments due to the financial sector bailout. 7 The path for government spending is depicted in Fig. 5 panel (a). We then compute two possible equilibrium paths: one under which the buyout is offered and the other under which the buyout is not offered. We obviously need to make assumptions on how revenues shortfall are financed and what type of buyout is offered. In our benchmark experiment we assume that in the no-buyout case taxes are increased so that the budget is balanced in the period in which the fiscal spending increases, and then the tax policy is left unchanged. The increase in the tax policy is the one depicted in Fig. 5 , going from the policy represented by the dash line to one represented by the dashdotted line. In particular we increase the parameter governing the asymptotic marginal tax rate, t 0 and leave the other parameters unchanged so that additional expenditures are financed leaving the progressivity structure unchanged, which implies that high income households pay a higher fraction of those. In the buyout case we use the same path for fiscal policy of the non-buyout case, with the only difference being the offering of the buyout, starting from the date of the fiscal expansion. The particular buyout we consider is a maximum 5% reduction in tax rate offered to everybody at a price of roughly 11.6% of average pretax income per adult equivalent per household (in our CPS 2006 sample mean pretax income per households per capita is about $39000 so the cost of the buyout would be about $4500). This is the minimum price that guarantees that the government budget is always positive after the introduction of the buyout. Aggregate consequences (baseline case): The aggregate consequences are described in Fig. 5 . Panel (b) shows the total amount of distortionary taxes,
ðTðweðSÞl h ða,SÞ,ra,d h ða,SÞÞÞ dF h ða,SÞ as a fraction of total income that are collected under the two regimes. Notice that under no contract this measure of fiscal pressure is about 26% of income while with the buyout is reduced to around 24.5% of income. Yet panel (c) shows that total government budget is about the same in the two regimes. Since spending is the same in the two regimes, what is making up for the loss of distortionary revenues in the buyout case? The answer is in panel (d) which shows that a significant fraction of the population (over 8%) is purchasing the buyout, thus creating a source of non-distortionary revenue that 7 In our set-up the composition of increased spending (higher total transfers, higher g or higher interest payments) does not matter.
makes up for the loss of distortionary revenue arising from the offering of the contract. This feature, i.e. the transformation of part of government revenues from distortionary into lump sum, done without making anybody worse off and in a revenue neutral fashion, is the essence of the tax buyout contract. Panels (e) through (h) show that the reduction in distortion has actually quantitatively important effects. Panel (f) shows that labor supply in the world with buyout is about 1 3 % higher than in the word without buyout, precisely because households who elect to purchase the buyout choose to work harder. Notice that because households which purchase the buyout and work harder are agents with high efficiency units (see the discussion below) the buyout increases average labor productivity, which in turn results in a fall in output (panel e) which is about 1% lower than the fall experienced in the world without the buyout. Panels (g) and (h) finally show that as a result of the tax increase households suffer a negative wealth effect which induces them to choose lower consumption and bring less wealth into retirement. Under the buyout, due to the lower distortions, the wealth effect is less severe and both the reduction in consumption and in wealth are more muted.
Aggregate consequences (alternative scenarios): In this subsection we evaluate how the aggregate impact of a tax buyout varies when we change some of the assumptions in the baseline case analyzed above. In particular we evaluate the option of the government of offering smaller or larger buyouts and of using a different pricing scheme. Also we assess the importance of a key parameter: the Frisch elasticity of labor supply. For each experiment we set the price of the buyout to the minimum level that guarantees non-negative government budget in every period. In Table 2 we report five summary statistics for each experiment: the maximum buyout agents are allowed to sign, the total price of the max buyout (as a percent of mean income), the percentage of households who buy (in all experiments here, as in the simple model of Section 2, either an household does not buy or buys the maximum possible amount), the percentage of government revenues coming from the sales of the contract (hence non-distortionary) and the gain in GDP relative to the situation in which the contract is not offered.
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Lines 2 and 3 show how increasing the maximum size of the buyouts leads to an increase in price, i.e. larger buyouts are more expensive, even on a per-unit basis. As a consequence there is a smaller number of buyers, but since those buyers buy a larger and more expensive tax reduction, the resulting government revenues from the sale of the buyout increase. Since the buyers have high wages and those are the ones who increase their labor supply even a large buyout has a sizeable impact on GDP. Similarly a smaller buyout is cheaper, it increases the number of buyers, but is less effective in generating revenues and reducing distortions.
Line 4 shows that offering a buyout whose price is increasing in the age of the households can attract more buyers and generate more revenues. Older households, because of the deterministic component of wage that grows with age, benefit more from the contract and are more willing to pay a higher price.
Finally lines 5 and 6 show that changing the Frisch elasticity of labor supply has a limited effect on the outcomes of introducing the buyout. The reason for this result is that when we change the Frisch elasticity we also recalibrate the variance of the wage shocks to match the variance of earnings in the data. When, for example, we consider a higher value for the Frisch elasticity, we increase the effectiveness of the buyout as reduction in distortions are more valuable. But at the same time a higher elasticity requires a lower variance of the wage shocks, including the non-permanent ones. The lower variance reduces the extent to which agents adjust labor supply to take advantage of temporary changes in productivity, and hence reduces the effectiveness of the buyout. These two offsetting effects operate when we change elasticity in both directions and explain the relative robustness of the effects with respect to changes in the Frisch elasticity. Micro-consequences: An advantage of explicitly considering a dynamic economy is that we can identify households who have the strongest incentive to buy the contract today but also those who will benefit from its introduction as they might take the contract in the future. One can interpret a tax buyout as the possibility for households to buy at a fixed price a a In experiments 5 and 6 the variance of wage shocks is recalibrated so the variance of earnings in each case matches the variance of earnings in the data.
8 These last three statistics are averaged over the first 5 years in which the buyout is offered. 9 To verify this claim we experimented with changing the elasticity and not recalibrating the model. In that case we found that changes in the elasticity have substantially larger impact on the effectiveness of a buyout.
percentage subsidy on labor income; obviously households who benefit from it the most are the ones who have (or expect to have) high labor income. This implies that, ceteris paribus, high wage (and hence older) households, more patient (because they value more the future chance of getting into a state of high labor income), low wealth households (because lower wealth induces higher labor supply) are more likely to purchase the buyout and hence will benefit more from its introduction. In Fig. 6 we quantify this benefit by computing the lifetime consumption equivalent that different type of newborn agents are willing to pay to go from an economy without contract to an economy with contract. On the x axis the figure reports the value of permanent wage component A (as a measure of wage shock) of a given household and on the y axis lifetime the gain (in terms of lifetime consumption) from the permanent introduction of the contract in the economy. The lines labeled 'low wealth' refer to households with 0 wealth (which is the majority of newborn households), while 'high wealth' denotes a wealth level equal to the median level of wealth in the economy. The labels 'patient' and 'impatient' refer to households with high and low discount factors (see Section 3.5). 10 As discussed before the gains are increasing in wages, decreasing in wealth and increasing in the degree of patience. Perhaps the most interesting feature of the figure is that although none of the households depicted by the lines in the figure is actually purchasing the contract in the current period, most of them enjoy a non-negligible benefit from its introduction, as they value the possibility of future use of the contract. This makes the point that in a dynamic world the benefits of the buyout, if evaluated over the long run, spread well beyond the 10% of the population which elect to take the contract at a moment in time.
Conclusions
A tax buyout is a simple contract between the government and private agents which can reduce distortions in the economy without adversely affecting government finances. Our work indicates that its effects are quantitatively relevant even in the very basic form we have analyzed. This suggests that a tax buyout scheme might actually be useful to reduce distortions in a period in which, due to large fiscal deficits, taxes are bounded to rise.
To implement the scheme in practice more analysis will be needed. There are two main concerns that should be addressed. The first is the presence of general equilibrium effect where the increase in labor supply of the buyers might reduce equilibrium wages, thus hurting the low ability individuals who do not buy the contract. The second is the possibility of a fat (Pareto) tail in the distribution of income/ability. This feature makes the reduction marginal taxes for high ability individuals, and hence the buyout, socially less desirable (Diamond, 1998; Saez, 2001) . A fat right tail of the ability distribution is also concerning as it may imply non-existence of a price that guarantees revenue neutrality for the simple buyout considered in this paper. Future research could investigate the possibility of limited buyouts, in which individuals' gains from the tax reduction cannot exceed a multiple of the price paid. These limited buyouts would be less effective in reducing distortions, but at the same time would limit government losses on high ability individuals, enhancing the feasibility of the contract.
On the positive side there are many dimensions along which the contract can be extended to further reduce distortions for a larger fraction of the population. First, as shown in a simplified setting, non-linear pricing schemes can extract resources from high ability in favor of low ability individuals. Second, we have performed our quantitative analysis in an informationally constrained setting, where the price of the contract is either fixed or dependent on age. Of course, in reality the government observes many additional individual characteristics, such as education and past labor income, and could condition the price of the contract on them. In this case, however, one would need to consider the dynamic implications of the contract on individual behavior, as they might reintroduce some of the distortions that the contract is supposed to eliminate. For example, conditioning the price on past income will break the lump-sum feature of the tax buyout, as an individual takes into account that labor income today affects the price of the contract tomorrow. Third in the paper we have assumed the same elasticity of labor supply across individuals, but there is evidence of heterogeneity (see for example Aaberge et al., 2002) . Implementing the contract in an environment with this feature might lead to self (benign) selection of high elasticity individuals into the contract, allowing lower prices and higher acceptance. Finally, we have excluded from the analysis capital taxation. It will be interesting to analyze simultaneously the reform of capital and income tax, considering to what extent the buyout can be applied to capital taxation and what types of complementarities can arise between the two schemes.
Multiply both sides by d Ã , substitute (22) into the agent's budget constraint (9) and obtain
This shows that ðc A ðd Ã ,dd Ã Þ,l A ðd Ã ,dd Ã Þ is a feasible allocation even in absence of the contract. The fact that it is not chosen-the agent chooses instead to consume and work c A (0,0) and l A (0,0), respectively-indicates that the utility at any saddle point is lower than that when the contract is not taken. Hence, any saddle point must be a minimum. Therefore, there are only corner solutions to the agent's problem. & Proof of Lemma 2. We want to show that there exists a per-unit price d A such that: (i) agent A is willing to enter the contract, and (ii) the government is neither losing nor gaining resources from the agent. Let d A be such that (8) holds-that is, the second condition is met-when the agent purchases the maximum allowed amount of the contract d:
From agents' A perspective, this is the same pricing as under perfect information. Therefore, Proposition 1 applies: at that price the agent is willing to purchase the contract. Note also that at d ¼ d the marginal utility of the agent is still increasing in d: If utility is continuously differentiable and d is strictly greater than zero, than the two allocations (c 1 ,y 1 ) and (c 0 ,y 0 ) are apart from one another, since the tangency points are 1Àt and 1Àt þ d, respectively. Moreover, since 1Àt o1Àt þ d and the indifference curve is convex, we have that c 0 o c 1 and y 0 oy 1 .
Let us consider a marginal increase in the ability level from A(d) toÃ ¼ AðdÞþe. The single crossing condition postulates that Àu Y ð:Þ=u C ð:Þ is decreasing in ability. Graphically, that means that the indifference curve for the agent with ability AðdÞþ@A are flatter at both (c 1 ,y 1 ) and (c 0 ,y 0 ) than the indifference curve for A(d) (dashed lines in Fig. 7) . That means that the indifference point passing through the allocation with the contract (c 1 ,y 1 ) is associated with higher utility than that the one passing through the allocation without contract, (c 0 ,y 0 ). If this was not the case, that is, if the indifference curve associated with (c 0 ,y 0 ) were to pass through (or above) (c 1 ,y 1 ), then it would be crossing the solid indifference curve again, which contradicts single crossing. Hence the higher ability agent will buy the contract.
Formally, let ðc 1 ,ỹ 1 Þ and ðc 0 ,ỹ 0 Þ be the optimal allocations for an agent of abilityÃ with and without the contract, respectively. Letũ 1 andũ 0 denote uðc 1 ,ỹ 1 ,ÃÞ and uðc 0 ,ỹ 0 ,ÃÞ, respectively. Let uðc,y,ÃÞ ¼ũ 0 be the indifference curve going through ðc 0 ,ỹ 0 Þ. By the single-crossing condition (Salanié , 2003) the indifference curve for agentÃ going through (c 0 ,y 0 ) has a slope which is less than ð1ÀtÞ. Hence the optimal allocation ðc 0 ,ỹ 0 Þ is to the right of (c 0 ,y 0 ), that is,c 0 4 c 0 andỹ 0 4y 0 . Therefore, the indifference curve uðc,y,ÃÞ ¼ũ 0 must be such that uðc 0 ,y 0 ,ÃÞ oũ 0 . Moreover, this indifference curve must cross the indifference curve for the A(d) ability individual, u(c,y,A(d)) = u(c 0 ,y 0 ,A(d)), at some point ðĉ 0 ,ŷ 0 Þ to the right of (c 0 ,y 0 ), that is, such thatĉ 0 4 c 0 andŷ 0 4y 0 . By the same argument, the optimal allocation ðc 1 ,ỹ 1 Þ is to the right of (c 1 ,y 1 ), that is,c 1 4 c 1 andỹ 1 4 y 1 . Therefore, the indifference curve uðc,y,ÃÞ ¼ũ 1 must be such that uðc 1 ,y 1 ,ÃÞ oũ 1 . Moreover, this indifference curve must cross the indifference curve for the A(d) ability individual, u(c,y,A(d))= u(c 1 ,y 1 ,A(d)), at some point ðĉ 1 ,ŷ 1 Þ to the right of (c 1 ,y 1 ), that is, such thatĉ 1 4 c 1 andŷ 1 4y 1 . Note that the allocations ðĉ 0 ,ŷ 0 Þ and ðĉ 1 ,ŷ 1 Þ are distinct, since for e small enough we can make them arbitrarily close to (c 0 ,y 0 ) and (c 1 ,y 1 ), respectively. Moreoverĉ 0 oĉ 1 andŷ 0 oŷ 1 .
Hence, we have found two points, ðĉ 0 ,ŷ 0 Þ and ðĉ 1 ,ŷ 1 Þ, at which the indifference curves for the higher ability agent, uðc,y,ÃÞ ¼ũ 0 and uðc,y,ÃÞ ¼ũ 1 , respectively, cross the indifference curve for the indifferent agent u(c,y,A(d)) = u(c 0 ,y 0 ,A(d)). It cannot therefore be thatũ 0 ¼ũ 1 , since that would imply that the same indifference curve for the higher ability agent crosses the indifference curve for the lower ability agent twice, violating the single crossing condition. If we hadũ 0 4ũ 1 , then the indifference curve uðc,y,ÃÞ ¼ũ 0 would lie above the indifference curve uðc,y,ÃÞ ¼ũ 1 . But this cannot be, since it would imply that the indifference curve uðc,y,ÃÞ ¼ũ 0 crosses the curve u(c,y,A(d))= u(c 0 ,y 0 ,A(d)) to the right of ðĉ 1 ,ŷ 1 Þ. This contradicts the fact thatĉ 0 oĉ 1 . Hence, there exists an e40 such that the agents with abilityÃ ¼ AðdÞþe strictly prefers to purchase the contract. While the argument given here applies to abilities in the right neighborhood of A(d) only, we can repeat it to show that for all A4 AðdÞ agents will choose to purchase the contract. and assume that D N is such that agent N is willing to buy the contract (from the analysis in Section 2 we know that if agent N faces a pre-contract marginal tax rate of t, for d N r t she will be willing to buy the contract for any D N r dA N l AN ð0Þ where l AN ð0Þ is the pre-contract labor supply).
The problem of the government is to choose the remaining contracts fd i ,D i g NÀ1 i ¼ 1 so that households {A i } i = 1 N will self-select into purchasing only one contract. We tackle the problem in a pairwise fashion: Given the contract tailored for agent i+1, fd i þ 1 ,D i þ 1 g, we choose fd i ,D i g so that: (a) agent i+ 1 is indifferent between contract i+ 1 and i, and (b) agent i prefers contract i to i+ 1. We construct fd i ,D i g as follows: We know that, since A i þ 1 4 A i , in order to have separation we need that d i þ 1 4 d i (in this discussion we maintain the assumption that pre-contract marginal tax rates are the same across agents). We therefore start with a candidate d i þ 1 Àd i makes agent i+ 1 indifferent between the two contract (condition a) while the difference D i + 1 ÀD i makes condition (b) hold. Once we have chosen the contract for agent i, we repeat the same steps for agent i À 1, and so on.
By construction the self-selection works pairwise: agent i prefers her contract to i+1 or i À 1. It turns out that it works for all (i,k): agent i prefers her contract to any other contract k (we check this condition numerically). The intuition for this result is that indifference curves for the agents in the consumption/income space are steeper for the less able agents (see Stiglitz, 1982) . Therefore, if agent i+1 is indifferent between her contract and the i contract, while agent i is indifferent between her contract and the i À 1 contract, then agent i+ 1 will strictly prefer her contract to i À 1, and viceversa. In fact, in our numerical example we find that the disutility from taking contract k for agent i increases with the distance jA k ÀA i j.
As we go down the ability ladder, at some point an additional constraint comes into consideration: agent i must prefer contract i to not taking the contract at all. If this is not the case, we stop: we have identified the highest ability individual not willing to take the contract. All individuals with lower ability will also not buy it.
Finally, we provide details on the numerical results presented in Section 2. The economy is the same as the one described in Section 2, except that we introduce insurable idiosyncratic productivity to make it more comparable with the calibrated economy of Section 3. The utility function and its parameters are the same as the one used in Section 3. We use a log-normal distribution for both the permanent and the temporary component of abilities with a variance of log earnings equal to 0.3 and about 1 3 of total variance due the temporary component of abilities. Finally, the initial tax rate is set to 40% and the real interest rate to r to 0.04. We also assume that for each agent wealth equals five times their pre-contract income.
